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Significance

Construct Biomimetic Inorganic Peptide Channels 
by Liquid-State ALD Nanofabrication

Innovative Approach to Designer Membranes: Discover 
Rules for Water Filtration in Nature’s Membranes

Water Desalination: A Global Problem 

Molecular Mechanisms for Select Ion Filtration

Bimodal Acid-base Behavior on Silica Affects Desal

Develop New Platforms to Measure Ion Transport 

“Unusual” Aqueous System Found within Nanopores
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Biological Channel 
Fast selective transport 

of H2O 

Model Channel 

Inorganic Membrane 
Synthesis 

Achieve 
!!10x increase in water flux   
!!selection of specific minerals for health  

Approach 
Couple molecular theory + experiment.          

Theory to predict rules (structure vs. function).          
Experiment to validate predictions. 

Engineering to construct nanoporous structures.         

Bio-inspired  
design 

Experiment &  
Engineering 

Theoretical Modeling 

!! Nanopore surface charge 
governed by SiO– density 

!! Affects Na+/Cl– rejection 
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C,!D%SiO– H+ 

SiO– density depends on 
2 acid-base pK 

thus knowledge of low pK 
SiOH structure critical for 
modeling Na+/Cl– rejection 

liquid water/SiO2  

!! Structural motifs in 
literature incorrect 

!! Low pK only on 
strained surfaces  

AIMD simulations 
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Peptide ALD cycles 

starting from self-assembled 
mesoporous silica 

pore modified 
with –NH2 

then carry out 
peptide ALD! B(%.'*&4!/6!(#)$*#,!"0#((&,%!#(4!5$'4&4!/6!)0&+*&)'=

"#,!1+*3-!.&.)'4&!1#)&*!"0#((&,%!1&*&!;#/*'"#)&4!/6!
,'W$'4=%)#)&!PTEX
!!!!Y:"&,,&()!%#,)!*&?&")'+(!1#%!#"0'&8&4!
!!!B()&*.,#6!/&)1&&(!#2'(+!5*+$.%!#(4!"#*/+:6,!
5*+$.%!1#%!;+$(4!)+!/&!'2.+*)#()!;+*!4&%#,'(#)'+(

4$%/8(,9,+!:;<=17*&!9&-,+&
!!!!Z#)'(5!/'#%!)+!"+()*+,!I!%)$46!'+(!)*#(%.+*)!1')0'(!
"0&2'"#,,6!)$(&4!(#(+.+*&%-!

!!!!R'(5,&!(#(+)$/&[/#%&4!4&8'"&!$%'(5!064*+.0','"!)')#(#)&!
(#(+)$/&

Air, n = 1 Bulk water, n = 1.33 

Reduced refractive index in 
nanopores 

Water confined in nanopores shows reduced 
refractive index/dielectric constant 

Zeta potential measurement of silica at different 
pH. Flat silica surface (dotted line) has isoelectric 
(zero surface charge) point at pH=2~3. This point 

shifts to pH=4 for 2.6-nm silica pores 

Shift of iso-electric point in 
nanopores 
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